Objective To evaluate if immediate catheter removal (ICR) after laparoscopic hysterectomy is associated with similar retention outcomes compared with delayed removal (DCR).
Introduction
During laparoscopic hysterectomy (LH), it is standard care to place an indwelling catheter to avoid iatrogenic injuries of the bladder, monitor urinary output and check for haematuria. 1 However, it remains unclear what the best moment is to remove the catheter after an uncomplicated LH. Most specific guidelines on LH report limited information on this topic. 2 A recent telephone survey to all 89 hospitals in the Netherlands demonstrated that 78% of the hospitals have the policy of leaving the catheter in place until the next morning after LH. 3 Although no robust scientific support exists for this regimen, the few available studies on this topic all favour direct catheter removal after hysterectomy. [4] [5] [6] The Infectious Diseases Society of America as well as the Cochrane review on this topic recommend not leaving the catheter in place longer than necessary after any type of surgery. 7, 8 A prolonged catheterisation is known to be associated with increased risk of urinary tract infection as well as delayed mobilisation and prolonged hospital stay. [4] [5] [6] Additionally, patients have reported that they find the indwelling catheter inconvenient. 9, 10 On the other hand, immediate removal of the catheter after surgery has been associated with higher rates of urinary retention, which can result in re-catheterisation and other morbidities. Specifically for LH, urinary retention rates of 14%-34% have been reported after immediate removal. 4, 5 To fully benefit from the advantages of minimally invasive surgery, all postoperative complications and side effects leading to prolonged recovery should be minimised. 11 As a result, an adequate catheter management can be valuable for patients and their recovery. With this in mind, the aim of our study was to evaluate if immediate catheter removal (ICR) after LH was associated with similar outcomes compared with delayed catheter removal (DCR). As the advantages associated with a reduced catheterisation time are well-known (early mobilisation and reduced risk of urinary tract infection), 9 we specifically aim to demonstrate that ICR is non-inferior to DCR in terms of risk of urinary retention.
Material and methods
A multi-centre non-inferiority randomised controlled trial (RCT) was conducted following the CONSORT recommendations. 12 The protocol was approved by the Ethics Committee of Leiden University Medical Centre (LUMC) in Leiden, the Netherlands (P15.382/NL55504.058. 15 ) and the boards of all participating hospitals. The trial was registered in clinicalgov.org (NCT02742636). The study was conducted in LUMC, an academic hospital in the Netherlands, and its five affiliated teaching hospitals (Alrijne Ziekenhuis, Groene Hart Ziekenhuis, Haaglanden Medisch Centrum, HagaZiekenhuis and Reinier de Graaf Gasthuis). There was no patient or public involvement in this study and no core set outcomes were used.
All women undergoing LH for benign indication or lowgrade cervical or endometrial malignancies were asked to participate if fulfilling study criteria. Women had to be older than 18 years and scheduled for LH. Women with concomitant procedures such as prolapse surgery, extensive endometriosis surgery or advanced oncological dissection including nodal dissection, were excluded, as well as those with stress and urge incontinence, or other systemic diseases potentially influencing their ability to void (e.g. multiple sclerosis). Women were counselled by their gynaecologist during an outpatient visit before surgery and were given written information. If, after consideration, they agreed to participate, written informed consent was obtained and they were enrolled in the study. LH was performed according to standard local protocol and under general anaesthesia.
In the operating room, at the end of the surgery, patients were randomised (1:1 ratio) to either ICR or DCR. Women randomised to ICR had their catheter removed directly in the operating room at the end of the procedure, whereas women with DCR had their catheter removed between 18 and 24 hours after surgery (regular treatment in all participating hospitals). If the gynaecologist judged that for any reason prolonged catheterisation was necessary, the women were considered as dropouts.
The randomisation procedure was performed by the operating gynaecologist through an online and secured program called PROMISE (www.msbi.nl/much). The randomisation sequence was computer-generated with variable blocks of two and four, stratified by centre. The allocation code was disclosed directly on the website after entering patient identification number and confirming inclusion criteria. Neither the women nor the medical staff were blinded for the allocated treatment. At any time, a woman could decide to opt out. The secured program PROMISE was also used for data collection.
Primary, outcome of the study was urinary retention defined as the inability to void completely within 6 hours after catheter removal. 5 If a woman could not void within the given time a bladder scan was performed to assess the amount of retention, as described in Figure 1 . Further actions were undertaken accordingly. Before discharge, women in both groups had a bladder scan after voiding to ensure that no one was sent home with increased post-void residual volume.
Secondary outcomes were (suspicion of) urinary tract infection (based on the results of a standard urine test for nitrite and leucocytes in combination with clinical symptoms); time to mobilisation (defined as the first time out of bed after surgery) and the length of hospital stay (same day discharge coded as 0). Additionally, women were asked to fill in self-developed questionnaires 6 and 24 hours after surgery, and after 6 weeks during the outpatient follow-up visit. There were no valid questionnaires available that covered all the topics, so our own questionnaire was developed. Questions regarding pain and discomfort of the urinary catheter were asked, as well as patient satisfaction. The visual analogue score (VAS) was used (0-10) to evaluate pain and satisfaction. Questionnaires can be found in the Supplementary material (translated from Dutch to English, Appendix S1). Patient and surgical baseline characteristics were extracted from the medical records. Patient characteristics included age at surgery, body mass index (kg/m 2 ), American Society of Anesthesiologists classification, history of previous abdominal procedures and indication for hysterectomy. The type of surgery [total, supra-cervical or laparoscopic assisted vaginal hysterectomy (LAVH)] and any concomitant procedures such as adnexal surgery were also recorded. Surgical outcomes included intra-operative blood loss, operative time (skin incision to skin closure), uterine weight and complications (recorded up to 6 weeks after surgery). Complications were defined according to the internationally recognised classification of the Dutch Society of Obstetrics and Gynaecology (NVOG) 13 and were further divided into major and minor complications.
After completion of the study, source data verification from the medical charts was performed in all hospitals by the principle investigator (EMS) and two research nurses.
Statistics
A non-inferiority study design was chosen. The rationale of this study design was that if the risk of urinary retention after ICR could be proven to be no worse than in the DCR group, we can conclude that direct catheterisation is preferable over DCR based on the known benefits of ICR (risk of urinary tract infection, time to mobilisation and length of hospital stay).
To ascertain the required group size, a power calculation was performed. We hypothesised that DCR was associated with 5% retention based on a small retrospective review of patients treated in LUMC. A non-inferiority margin of 10% was used as we considered a difference of up to 10 percentage points in favour of DCR acceptably small in exchange for the anticipated benefits of ICR (infections, time to mobilisation and hospital stay). Using a one-sided Z-test (a error 0.025, b error 0.20), two groups of 75 women were needed to assess the non-inferiority of ICR. An additional ten women were included to intercept any unanticipated dropouts. As a result, a sample size of 160 women was planned.
Statistical analysis was performed using SPSS software (IBM SPSS Statistics for Windows, version 20.0, Chicago, IL, USA). As a result of the low event numbers observed, we calculated exact confidence intervals with the EXACTCI-DIFF package in R. For the P-value of the primary outcome, a non-inferiority test was performed with an exact method as suggested by Chang. 14 Data were summarised and extreme values were verified to be correct. All statistical analyses were performed by both intention-to-treat and per-protocol approaches, as stated in the CONSORT recommendations for non-inferiority RCTs. 12 In the intention-to treat analysis we included randomised patients who met our inclusion and exclusion criteria according to the allotted randomisation group. In the per-protocol analysis we included for the group randomised to ICR all those women who had their catheter directly removed in the operating theatre and for the group randomised to DCR we included all women who had their catheter removed between 18 and 24 hours after surgery. To assess the noninferiority of the ICR policy, the difference between the rates of urinary retention (primary outcome) in the intervention and control groups was compared with the noninferiority margin of 10 percentage points. Accordingly, non-inferiority was met if the upper limit of the two-sided 95% confidence interval around this difference would not cross the predefined margin of 10 percentage points. In case the non-inferiority test would not be proven, we additionally looked at whether the lower limit of the confidence interval exceeded zero (i.e. superiority test).
For the other variables, we assessed normality and continuous data were presented as mean with standard deviation (SD) or as median (range) and categorical data as frequency (percentage). The secondary outcomes of the two groups were compared using the Student's t test or Mann-Whitney U test and chi-square test or Fisher's exact test as appropriate. P-value and 95% confidence interval were reported. A P-value of < 0.05 was considered significant.
Results
Between 31 May 2016 and 22 July 2017, 162 eligible patients were included in the trial (Figure 2 ). Three women withdrew consent within 24 hours after surgery and four women were randomised despite the fact that the gynaecologist decided immediately at the end of the surgery that prolonged catheterisation was necessary regardless of the randomisation result. These cases were considered dropouts and were not included in any further analyses. As a result, a total of 74 women were analysed in the group with ICR and 81 women in the group with DCR. Of the women randomised to DCR, eight requested earlier catheter removal (between 2 and 12 hours after surgery) because of unbearable complaints (9.9%). Baseline characteristics and surgical outcomes of the included women are listed in Table 1 and were well balanced.
Regarding the primary outcome, ten women in the ICR group could not urinate spontaneously within 6 hours (13.5%) compared with none in the DCR group (Table 2 ; Allocated to immediate catheter removal, n = 79 risk difference 13.5%, range 5.6-24.8). The intention-totreat analysis and per-protocol analysis could not demonstrate non-inferiority of ICR over DCR (P = 0.88 and P = 0.88). As the lower boundary of the confidence interval of the difference exceeded zero, ICR was associated with a significantly higher rate of urinary retention 6 hours after catheter removal.
Of the ten women with voiding dysfunction in the ICR group, seven were able to urinate spontaneously within 9 hours after catheter removal without any additional interventions, as demonstrated in the Supplementary material (Table S1 ). The other three women required re-catheterisation because they could not void spontaneously despite several attempts. The first patient, who had had her surgery at the end of the morning, was intermittently catheterised after the bladder scan revealed a urinary retention of 908 ml. The second patient, who had had her surgery in the beginning of the afternoon, received immediately an indwelling catheter overnight (urinary retention 550 ml). Both women urinated spontaneously after catheter removal and did not encounter any further problems. The last patient, who had been the first case in the morning, also received an indwelling catheter overnight (residual volume unknown). The next day, this catheter was removed but the patient could still not urinate spontaneously and the decision was made to discharge her with an indwelling catheter. After 7 days, the catheter was removed and she could void spontaneously. Bladder scan showed no urinary retention. Detailed information regarding the ten women with voiding dysfunction is provided in the Supplementary material (Table S1 ). For the secondary outcomes (Table 2) , we observed that after ICR and DCR, respectively, three (4.1%) and eight (9.9%) women had a suspicion of urinary tract infection postoperatively requiring antibiotics. No significant difference was observed between the two groups (risk difference À5.8%, range À15.1 to 3.5, P = 0.215). In the ICR group, all three women were treated with antibiotics approximately 2 weeks after surgery. In the DCR group, four women were treated with antibiotics after discharge while four women were treated directly 1 or 2 days after surgery. No significant difference was observed between the two groups for the results of the urine test (risk difference À4.2, range À10.9 to 21.3, P = 0.840) or the post-voiding residual at discharge [46.6 (SD 70.7) ml versus 37.5 (SD 64.7) ml, P = 0.471]. Patients in the ICR group mobilised significantly earlier than the group with DCR [median of 5.7 hours (range 0.8-23.3) versus 21 (range 1.4-29.9), P ≤ 0.001]. The length of hospital stay did not differ between the two groups [1.5 (range 0-4) versus 2 (range 1-4), P = 0.954].
No clinically relevant differences were observed for the overall pain VAS between the two groups 6 and 24 hours after LH ( Table 2 ). The group with an indwelling catheter in place reported 6 hours after surgery a VAS specific for the indwelling catheter of 2.9 (2.9). No significant difference was observed regarding the number of days a woman expected to stay in the hospital when asked 6 hours after surgery (P = 0.621). Twenty-4 hours after surgery, the women without a catheter were asked to assess the expected pain score for the catheter as if they still had one. Women in the ICR group reported a significantly higher expected VAS than the DCR group with a catheter still in place [4.7 (SD 2.9) versus 3.0 (SD 2.9), P = 0.004, 95% CI 0.6-3.00]. Six weeks after surgery, no clinically relevant differences were seen with respect to satisfaction of the procedure and satisfaction of the hospitalisation (P = 0.709; P = 0.056).
The results of the per-protocol analysis are available in the Supplementary material (Table S2 and Table S3 ). The eight women who had been randomised to DCR but requested earlier catheter removal were excluded. No relevant differences were observed compared with the intention-to-treat analysis.
Discussion

Main finding
In the present RCT, comparing 74 women with ICR after LH with 81 women with DCR, ten women, all allocated to the ICR group, could not void within 6 hours (13.5%). However, seven of these women could void spontaneously within 9 hours after catheter removal without additional intervention. Regarding the secondary outcomes, eight women from the delayed group requested earlier catheter removal because of complaints (9.9%). Three women with ICR (4.1%) had a urinary tract infection postoperatively versus eight women with DCR (9.9%). Women with ICR mobilised significantly earlier [5.7 hours (range 0.8-23.3) versus 21.0 (range 1.4-29.9), P ≤ 0.001]. No significant difference was observed for hospital stay, postoperative pain or patient satisfaction.
Strength and limitations
Limitations of our study were that neither patients nor caregivers were blinded to the catheter policy, which could result in biased reporting outcomes. This could be particularly the case for outcomes related to patients, as psychological factors might be of influence. 15 Yet, for this topic, a double-blinded study would not have been possible. Strengths of the study include its randomised controlled design and the inclusion of a large population of women undergoing LH. To our knowledge, no other RCT specific for LH has been conducted. Furthermore, the trial was performed in six different hospitals, which adds to the generalisability of the outcomes.
Interpretation
Although the majority of the hospitals in the Netherlands leave the urinary catheter in place until the next day after LH, the scientific support for this management is absent. Indeed, the few available studies on this topic all favour immediate removal after different types of hysterectomy. 4, 6, 16 The potential drawback of immediate catheter removal is the increased risk of urinary retention, which has been reported to be up to 34% after LAVH. 4 The retention rate in our study was in line with a prospective cohort study that demonstrated a retention rate of 14% after analysing 140 women undergoing LH with ICR. 5 Nevertheless, our study did not meet the predefined margin of non-inferiority. Yet, of the ten women with voiding dysfunctions, only three required re-catheterisation. The other seven voided spontaneously within 9 hours without additional interventions. It is therefore debatable if all voiding difficulties were clinically relevant and should be actually classified as urinary retention. In literature, several definitions are in use to define 'urinary retention'. If considering only those women requiring re-catheterisation, the urinary retention rate for the ICR group would be 4.1% in our study, Yet, also with this definition, the outcome would not meet the non-inferiority margin (risk difference 4.1, range À1.7 to 12.3). As a result, in the future, it would be interesting to study the risk of urinary retention when removing the catheter a couple of hours after surgery.
In the context of same-day discharge after LH, it is important to take into consideration that a proportion of women with ICR voided with delay. Indeed, a recent systematic review demonstrated that a reduced time before voiding after catheter removal was directly associated with a successful same-day discharge. 17 For instance, it might be too late to discharge patients on the same-day if they can only void between 6 and 9 hours after surgery. A study demonstrated that it was difficult to predict preoperatively who is at risk of voiding dysfunction. 18 Although our study was not designed to study the risk factors associated with urinary retention, we observed that women who were confronted with voiding difficulties had significantly more intra-operative blood loss. Numbers did not allow us to determine a cut-off.
Another aspect to consider when determining the optimal moment to remove the catheter is the risk of urinary tract infections. Studies have shown that the overall risk of urinary tract infection with an indwelling catheter is 3%-7% per day of catheterisation. 7, 19 Similarly to the RCT of Liang et al. 4 reporting on voiding outcomes of 150 women undergoing LAVH, we did not observe a statistically significant difference in the risk for urinary tract infections up to 6 weeks after surgery. However, it was interesting to observe that already during the short time of admission, four women from the DCR group were diagnosed and treated for urinary tract infections (4.9%) compared with none in the ICR group. It is important to realise that healthcare givers were not blinded to the use of a catheter and therefore there was a bias toward the concern for dysuria in women because DCR cannot be excluded.
Direct catheter removal has also been associated with early mobilisation after surgery. 6, 16 This was also observed in our study; women with ICR mobilised significantly earlier compared with women with DCR, with a difference in medians of 15 hours. Patients with ICR are forced to get out of bed to void, which is a positive side effect of this regimen because early mobilisation has been associated with quicker recovery and decreased morbidity. 11 In theory, patients with an indwelling catheter in place could also start mobilising, but they often have no incentive to do so. Despite the faster mobilisation, ICR did not, in our study, result in earlier hospital discharge. This is in contrast with previously published studies and might be related to the fact that in all hospitals that participated in this study, it is currently standard care to discharge patients 1 day after LH. 6 Finally, it is relevant to assess patient's wellbeing on catheter removal. Studies have reported that patients experience more urethral or vesical pain with prolonged catheterisation. 9 In our study, eight women (9.6%) from the DCR group requested catheter removal a few hours after surgery because of unbearable discomfort, which is from a patient's perspective an important finding against prolonged catheterisation. On the other hand, women who had a catheter in place until the next morning reported on average a low VAS specific for the catheter (2.9, SD 2.9). In addition, the overall pain scores were not clinically different for the group without catheter. It seems therefore that the degree of discomfort varies according to the individual.
Compared with open surgery, LH has been associated with many well-known advantages such as quicker hospital discharge and faster recovery. 20 Although catheter management is probably not the main priority of a surgeon, the consequences of a suboptimal regimen may undo the benefits associated with the minimally invasive approach. The consequences of a poor catheterisation policy might significantly impact patient's postoperative recovery as well as lead to increased hospital costs, aspects that are increasingly being considered in our era of Value-Based Health Care.
Conclusion
In conclusion, the non-inferiority of immediate catheter removal could not be demonstrated in terms of urinary retention 6 hours after procedure. However, 70% of the women with voiding difficulties in the ICR group could void spontaneously within 9 hours after LH without further interventions. It is therefore questionable if all observed urinary retention cases were clinically relevant. ICR was also associated with faster mobilisation and, although not significant, with lower rates of treatment for urinary tract infections (4.1% versus 9.9%). Furthermore, 9.9% of the women from the DCR group requested earlier removal because of discomfort. As a result, the clinical advantages of immediate removal may still outweigh the risk of bladder retention and should be considered after uncomplicated LH.
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